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TITLE OF THE INVENTION 
EXTRACTOR/BUFFER 

10 CROSS REFERENCE TO RELATED APPLICATIONS 

N/A 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 

DEVELOPMENT 
15 N/A - 

BACKGROUND OF THE INVENTION 
The present application relates generally to 
automated material handling systems, and more 
20 specifically to an automated material handling system 
including an improved extractor/buffer apparatus that 
provides a highly efficient interface between storage 
locations and transport equipment for Work-In-Process 
(WIP) parts. 

25 Automated material handling systems are known that 

employ WIP storage units and transport equipment to store 
WIP parts and to move them between workstations and/or 
processing machines in a product manufacturing 
environment. For example, such an automated material 

30 handling system may be employed in the fabrication of 
Integrated Circuit (IC) chips. A typical process of 
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fabricating IC chips includes various processing steps 
such as deposition, cleaning, ion implantation, etching, 
and passivation steps. Each of these steps in the IC 
chip fabrication process may be performed by a different 
5 processing machine such as a chemical vapor deposition 
chamber, an ion implantation chamber, or an etcher. 
Further, the WIP parts, in this case, semiconductor 
wafers, are typically moved between the different 
workstations and/or processing machines multiple times to 
10 perform the various steps required for fabricating the IC 
chips . 

A conventional automated material handling system 
used in an IC chip fabrication process comprises a 
plurality of WIP storage units for storing semiconductor 

15 wafers, and transport equipment including overhead hoists 
and conveyors for moving the wafers between the storage 
units, workstations, and processing machines on the IC 
chip manufacturing floor. The wafers are typically 
loaded into carriers such as Front Opening Unified Pods 

20 (FOUPs), each of which may be selectively accessed via an 
overhead hoist traveling on a suspended track. In a 
typical system configuration, the FOUPs are accessed by 
overhead hoists from locations underneath the track. 
Accordingly, each overhead hoist is typically moved along 

25 the suspended track to a position directly above a 
selected location, lowered toward the selected location, 
and operated to pick/place a FOUP from/to that location. 

In the conventional automated material handling 
system, overhead hoists are employed to move FOUPs 

30 relatively short distances while conveyors are employed 
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to move the FOUPs longer distances across the IC chip 
manufacturing floor. For example, a conveyor used in an 
IC chip manufacturing environment may comprise a conveyor 
belt, or a platform configured to travel along a rail. 
5 In the typical system configuration, overhead hoists may 
be employed to pick/place respective FOUPs from/to one or 
more conveyors. The overhead hoists may also be used to 
pick respective FOUPs from the conveyors and to place the 
FOUPs to input/output ports of a workstation or 

10 processing machine, and vice versa. The overhead hoists 
typically access the FOUPs from the conveyors positioned 
underneath the suspended track. 

One drawback of the above-described conventional 
automated material handling system is that each overhead 

15 hoist employed therein typically picks/places only one 
FOUP at a time. This can significantly impede throughput 
in a system capable of handling hundreds of FOUPs. 
Further, each overhead hoist typically accesses just a 
single level of storage underneath the suspended track. 

20 This is also problematic because providing only one level 
of WIP storage on the product manufacturing floor can 
increase costs due to the inefficient use of floor space. 
To access multiple levels of storage underneath the 
track, storage units must typically be configured to move 

25 a selected FOUP from its current position within the 
storage unit to a position at the level accessible to the 
overhead hoist, thereby further impeding the system 
throughput. In addition, such storage units typically 
have many moving parts such as rollers, bearings, and 

30 motors that are subject to failure, which not only 
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increases costs but also diminishes the reliability of 
the overall system. 

Moreover, because the overhead hoists are typically 
configured to access FOUPs from locations underneath the 
5 suspended track, a minimum amount of space is required 
between the ceiling . and floor of the IC chip 
manufacturing facility to accommodate the track and the 
overhead hoist. This further limits the amount of space 
in the manufacturing facility that might otherwise be 

10 used for storing semiconductor wafers. In addition, 
because only one level of storage is accessible to each 
overhead hoist, multiple overhead hoists must normally 
queue up at a storage unit to access FOUPs from that 
storage unit, thereby further lowering system throughput. 

15 It would therefore be desirable to have an automated 

material handling system that provides enhanced material 
handling efficiency while overcoming the drawbacks of 
conventional automated material handling systems. 

2 0 BRIEF SUMMARY OF THE INVENTION 

In accordance with the present invention, an 
automated material handling system is provided that 
includes an improved extractor/buffer apparatus capable 
of simultaneously accessing multiple Work-In-Process 

25 (WIP) parts, thereby providing a highly efficient 
interface between WIP storage locations and transport 
equipment. The presently disclosed extractor /buf f er 
apparatus achieves such benefits while interfacing with 
WIP storage locations and transport equipment disposed 

30 beside the extractor/buf f er . 
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In one embodiment, the improved extractor/buffer 
apparatus comprises a plurality of extractor/buffer 
modules , in which each extractor /buf f er module is 
configured to interface with a location for holding WIP 
5 parts that is a number of WIP parts deep. Each 
extractor/buffer module includes a substantially planar 
platform configured to hold multiple adjacent WIP parts. 
Further, multiple extractor/buffer, modules may be 
disposed side-by-side, thereby forming an 

10 extractor/buffer apparatus capable of holding multiple 
rows of WIP parts. 

In the preferred embodiment, each extractor/buffer 
module includes a substantially planar platform for 
holding two adjacent WIP parts (a "double nest" 

15 platform) , two elongated extractor arms longitudinally 
disposed along opposing edges of the double nest 
platform, a drive mechanism for simultaneously and 
axially translating the extractor arms, independent 
lifting mechanisms for lifting respective WIP parts on 

20 the extractor arms, and independent roller mechanisms for 
moving one or both of the WIP parts transverse to the 
extractor arm translation axis. Further, multiple 

extractor/buffer modules are disposed side-by-side, 
thereby forming an extractor/buffer apparatus capable of 

25 holding two rows of WIP parts. The extractor/buffer 
apparatus interfaces with WIP storage units and transport 
equipment disposed beside the extractor/buffer apparatus. 

In the presently disclosed embodiment, each 
extractor/buffer module is operative (1) to move two WIP 

30 parts from a two-WIP part deep storage location to the 
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double nest platform, and to move the two WIP parts back 
to their original sites in the storage location, (2) to 
move a first WIP part from the site in the storage 
location farthest from the extractor/buffer module to the 
5 site on the double nest platform farthest from the 
storage location, and to move the first WIP part back to 
its original site in the storage location, (3) to move 
the first WIP part from the site in the storage location 
farthest from the extractor/buffer module to the site on 

10 the double nest platform closest to the storage location, 
and to move the first WIP part back to its original site 
in the storage location or to the site in the storage 
location closest to the extractor/buffer module, (4) in 
the event there is no WIP part disposed at the site in 

15 the storage location farthest from the extractor/buffer 
module, to move a second WIP part from the site in the 
storage location closest to the extractor/buffer module 
to the site on the double nest platform closest to the 
storage location, (5) in the event there is no WIP part 

20 disposed at the site in the storage location closest to 
the extractor/buffer module, to move the first WIP part 
from the site in the storage location farthest from the 
extractor/buffer module to the site in the storage 
location closest to the extractor /buf f er module, and (6) 

25 in the event there is no WIP part disposed at the site in 
the storage location farthest from the extractor/buffer 
module, to move the second WIP part from the site in the 
storage location closest to the extractor /buf f er module 
to the site in the storage location farthest from the 

30 extractor/buffer module. Each extractor/buffer module is 
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further operative to perform at least the above-described 
movements of WIP parts between corresponding locations on 
the double nest platform and on transport equipment. 

Moreover, the extractor/buffer apparatus including 
5 the plurality of extractor/buffer modules is operative to 
move one or more WIP parts laterally from respective 
locations on the double nest platform of at least one 
first extractor/buffer module to corresponding locations 
on the double nest platform of an adjacent extractor 

10 buffer module. After performing such lateral movements 
of WIP parts, the extractor/buffer apparatus is further 
operative to move the WIP parts from their new locations 
on the double nest platforms to corresponding sites in a 
plurality of storage locations of a WIP storage unit, 

15 thereby repositioning the WIP parts within the storage 
unit . 

By simultaneously accessing multiple WIP parts from 
storage locations and/or transport equipment disposed 
beside the extractor/buffer apparatus, a highly efficient 
20 interface between the WIP storage locations and transport 
equipment is achieved. 

Other features, functions, and aspects of the 
invention will be evident from the Detailed Description 
of the Invention that follows. 

25 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
The invention will be more fully understood with 
reference to the following Detailed Description of the 
Invention in conjunction with the drawings of which: 
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Fig. 1 is a perspective view of an automated 
material handling system including an improved 
extractor/buffer apparatus according to the present 
invention; 

5 Fig. 2 is a plan view of an automated material 

handling system including the extractor/buffer apparatus 
of Fig. 1, in which the extractor/buffer apparatus 
provides an interface between storage locations and 
transport equipment for work-in-process parts; 
10 Fig. 3 is a flow diagram of a method of operating an 

automated material handling system including the 
extractor /buf f er apparatus of Fig. 1; 

Fig. 4 is a side view of the extractor/buffer 
apparatus of Fig. 1, illustrating an extractor arm and a 
15 plurality of lifting mechanisms; 

Figs. 5a-5b are perspective views of a 
representative lifting mechanism included in the 
extractor/buffer apparatus of Fig. 1, illustrating the 
lifting mechanism in non-lifting and lifting 
20 configurations, respectively; and 

Fig. 6 is a perspective view of the extractor/buffer 
apparatus of Fig. 1, illustrating a plurality of 
representative roller mechanisms. 

25 DETAILED DESCRIPTION OF THE INVENTION 

U.S. Patent Application No. 10/393,526 filed March 
20, 2003 entitled AUTOMATED- MATERIAL HANDLING SYSTEM FOR 
SEMICONDUCTOR MANUFACTURING BASED ON A COMBINATION OF 
VERTICAL CAROUSELS AND OVERHEAD HOISTS, and U.S. Patent 

30 Application No. 10/682,809 filed October 9, 2003 entitled 
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ACCESS TO ONE OR MORE LEVELS OF MATERIAL STORAGE SHELVES 
BY AN OVERHEAD HOIST TRANSPORT VEHICLE FROM A SINGLE 
TRACK POSITION are incorporated herein by reference. 

An automated material handling system is disclosed 
5 including an improved extractor/buffer apparatus that can 
simultaneously access multiple Work-In-Process (WIP) 
parts disposed at locations beside the extractor/buffer 
apparatus. The presently disclosed extractor/buffer 

apparatus provides a highly efficient interface between 

10 WIP storage locations and transport equipment employed in 
a product manufacturing environment. 

Fig. 1 depicts an illustrative embodiment of an 
Automated Material Handling System (AMHS) 100, in 
accordance with the present invention. In the 

15 illustrated embodiment, the AMHS 100 includes an 
extractor/buffer assembly 102, and a WIP storage unit 103 
disposed at a location beside the extractor/buffer 
assembly 102. It is noted that the AMHS 100 may be 
employed in a clean-room environment for manufacturing 

20 Integrated Circuit (IC) chips such as a 200 mm or 300 mm 
wafer FAB plant. Accordingly, the WIP parts may comprise 
semiconductor wafers disposed in carriers such as Front 
Opening Unified Pods (FOUPs) 116-117. Further, the WIP 
storage unit 103 may comprise a conventional stocker, a 

25 vertical carousel storage unit, a storage bin such as a 
fixed shelf, or any other suitable apparatus or structure 
for storing the FOUPs. It should be understood, however, 
that the AMHS 100 may be employed in any suitable product 
manufacturing environment. 
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It is noted that illustrative embodiments of 
vertical carousel storage units and storage bins such as 
the fixed shelf are described in the above-referenced 
U.S. Patent Application No. 10/393,526 and U.S. Patent 
5 Application No. 10/682,809, respectively. 

As shown in Fig. 1, the WIP storage unit 103 is 
configured to store a plurality of FOUPs 124. In the 
presently disclosed embodiment, the WIP storage unit 103 
includes a substantially planar storage bin 150 

10 configured to hold two rows of FOUPs, each row being 
substantially parallel to the length of the 
extractor/buffer assembly 102. Accordingly, the WIP 
storage unit 103 has a depth d equal to about the 
distance occupied by two adjacent FOUPs. It is 

15 appreciated, however, that the WIP storage unit 103 may 
be configured to hold an array of FOUPs having any 
suitable number of rows and columns. Further, a storage 
unit like the WIP storage unit 103 may be disposed on 
either side or on both sides of the extractor/buffer 

20 assembly 102 based on the storage requirements of the 
product manufacturing facility. 

Specifically, the extractor/buffer assembly 102 
comprises a plurality of extractor/buffer modules such as 
a module 104 (see Fig. 1) . In the illustrated 

25 embodiment, the extractor/buffer assembly 102 includes 
six extractor/buffer modules like the module 104. Each 
extractor/buffer module includes a substantially planar 
platform, e.g., a platform 130, configured to hold two 
adjacent FOUPs, e.g., the FOUPs 116-117, thereby forming 

30 a ''double nest" platform. Each extractor/buffer module 

-10- 

ATTORNEY DOCKET NO. PRI-174XX 
WE I NGARTEN , SCHURGIN, 
GAGNEBIN & LEBOVICI LLP 
TEL. (617) 542-2290 
F70C. (617) 451-0313 



further includes two elongated extractor arms, e.g., 
extractor arms 106-107 (see also Fig. 4), longitudinally 
disposed at opposing edges of the double nest platform, 
and a common linear axis drive mechanism 132 for 
5 simultaneously translating the extractor arms of each 
extractor/buffer module along a translation axis, e.g., 
an axis 114. Each extractor/buffer module has a 

plurality of independent lifting mechanisms, e.g., 
lifting mechanisms 120-121 (see also Figs. 4 and 5a-5b) , 

10 configured to lift respective FOUPs on the extractor 
arms, and a plurality of independent roller mechanisms, 
e.g., roller mechanisms 110-111 (see also Fig. 6), 
configured to move respective FOUPs on the double nest 
platform in a direction transverse to the translation 

15 axis 114. 

It should be appreciated, however, that the 
extractor/buffer assembly 102 may include any suitable 
number of extractor/buffer modules. Further, each 

extractor/buffer module may be configured to handle any 

20 suitable number of FOUPs. For purposes of illustration, 
each extractor/buffer module described herein interfaces 
with a storage location that is two-FOUPs deep, as 
depicted in Fig. 1. 

It should further be appreciated that the automated 

25 material handling systems described herein operate under 
computerized control. For example, the automated 

material handling systems may comprise a computer system 
including one or more processors for executing 
instructions out of a memory. The instructions executed 

30 in performing the operations described herein may 
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comprise instructions stored as program code considered 
part of an operating system, instructions stored as 
program code considered part of an application, or 
instructions stored as program code allocated between the 
5 operating system and the application. Further, the 
memory may comprise Random Access Memory (RAM) , a 
combinati on of RAM and Read Only Memory (ROM) , or any 
other suitable program storage. 

Fig. 2 depicts an illustrative embodiment of an AMHS 

10 200, in which the extractor/buffer assembly 102 is 
employed as an interface between the WIP storage unit 103 
and a conveyor apparatus 140. As shown in Fig. 2, the 
storage unit 103 is disposed on one side of the 
extractor/buffer assembly 102, and the conveyor 140 - is 

15 disposed on the opposite - side of the assembly 102. For 
example, the conveyor 14 0 may comprise a conveyor belt, 
or a platform configured to travel along a rail, as 
described in the above-referenced U.S. Patent Application 
No. 10/682,809. It should be understood, however, that 

20 the conveyor 140 may comprise any suitable type of 
transport equipment for moving WIP parts in a product 
manufacturing environment. For example, the conveyor 140 
may alternatively comprise an overhead hoist transport 
vehicle of the type described in the above-referenced 

25 U.S. Patent Application No". 10/393, 526 or U.S. Patent 
Application No. 10/682,809. Further, transport equipment 
such as the conveyor 140 may be disposed on either side 
or on both sides of the extractor/buffer assembly 102. 

The operation of the extractor/buffer assembly 102 

30 of Figs. 1-2 will be better understood with reference to 
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the following illustrative examples. First, to pick two 
FOUPs from locations E-F within the storage unit 103 and 
to place the two FOUPs to locations C-D on the 
extractor/buffer module 104, the extractor arms 106-107 
5 move along respective translation axes 214a-214b from 
their positions alongside the double nest platform to 
corresponding positions alongside the locations E-F 
within the storage unit 103. Next, the lifting 

mechanisms on each extractor arm 106-107 (such as the 

10 lifting mechanisms 120a-120b, 121a-121b) lift the two 
FOUPs from the locations E-F, thereby picking the FOUPs 
from the storage unit 103. The extractor arms 106-107 
then move along the respective translation axes 214a-214b 
back to their original positions relative to the double 

15 nest "platform. Next, the lifting mechanisms 120a-120b, 
121a-121b on the extractor arms 106-107 lower the two 
FOUPs to the locations C-D, thereby placing the FOUPs to 
the extractor/buffer module 104. 

To pick a FOUP from the location F within the 

20 storage unit 103 and to place the FOUP to the location C 
on the extractor/buffer module 104, the extractor arms 
106-107 move along the respective translation axes 214a- 
214b from their positions alongside the double nest 
platform to the corresponding positions alongside the 

25 locations E-F within the storage unit 103. Next, the 
lifting mechanisms 121a-121b lift the FOUP from the 
location F, and the extractor arms 106-107 move back 
along the respective translation axes 214a-214b to align 
the FOUP with the location E within the storage unit 103. 

30 Next, the lifting mechanisms 121a-121b lower the FOUP to 
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the location E. The extractor arms 106-107 then move 
along the respective translation axes 214a-214b to their 
positions alongside the locations E-F. Next, the lifting 
mechanisms 120a-120b lift the FOUP from the location E, 
5 thereby picking the FOUP from the storage unit 103. The 
extractor arms 106-107 then move back along the 
respective translation axes 214a-214b to their original 
positions alongside the double nest platform, thereby 
aligning the FOUP with the location C on the 

10 extractor/buffer module 104. Finally, the lifting 

mechanisms 120a-120b lower the FOUP to the location C, 
thereby placing the FOUP to the module 104. 

To pick a FOUP from the location F within the 
storage unit 103 and to place the FOUP to the location D 

15 on the extractor/buffer module 104, the extractor arms 
106-107 move along the respective translation axes 214a- 
214b from their positions alongside the double nest 
platform to the corresponding positions alongside the 
locations E-F within the storage unit 103. Next, the 

20 lifting mechanisms 121a-121b lift the FOUP from the 
location F, thereby picking the FOUP from the storage" 
unit 103. The extractor arms 106-107 then move back to 
their original positions alongside the double nest 
platform, thereby aligning the FOUP with the location D 

25 on the extractor /buff er module 104. Finally, the lifting 
mechanisms 121a-121b lower the FOUP to the location D, 
thereby placing the FOUP to the module 104. 

To pick a FOUP from the location E within the 
storage unit 103 and to place the FOUP to the location D 

30 on the extractor /buff er module 104, the extractor arms 
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106-107 move along the respective translation axes 214a- 
214b from their positions alongside the double nest 
platform, thereby positioning the lifting mechanisms 
121a-121b alongside the location E. Next, the lifting 
5 mechanisms 121a-121b lift the FOUP from the location E, 
thereby picking the FOUP from the storage unit 103. The 
extractor arms 106-107 then move back along the 
respective translation axes 214a-214b to their original 
positions alongside the double nest platform, thereby 

10 aligning the FOUP with the location D on the 
extractor/buffer module 104. Finally, the lifting 

mechanisms 121a-121b lower the FOUP to the location D, 
thereby placing the FOUP to the module 104. Such FOUP 
movements are normally performed when there is no FOUP 

15 disposed at the location F within the storage unit 103. 

To pick a FOUP from the location F and to place the 
FOUP to the location E within the storage unit 103, the 
extractor arms 106-107 move along the respective 
translation axes 214a-214b from their positions alongside 

20 the double nest platform to the corresponding positions 
alongside the locations E-F. Next, the lifting 

mechanisms 121a-121b lift the FOUP from the location F, 
and the extractor arms 106-107 move back along the 
respective translation axes 214a-214b, thereby aligning 

25 the FOUP with the location E within the storage unit 103. 
The lifting mechanisms 121a-121b then lower the FOUP to 
the location E. The extractor arms 106-107 then move 
back to their original positions alongside the double 
nest platform of the extractor/buffer module 104. Such 

30 FOUP movements are normally performed when there is no 
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FOUP disposed at the location E within the storage unit 
103. 

To pick a FOUP from the location E and to place the 
FOUP to the location F within the storage unit 103, the 
5 extractor arms 106-107 move along the respective 
translation axes 214a-214b from their positions alongside 
the double nest platform, thereby positioning the lifting 
mechanisms 121a-121b alongside the location E. Next, the 
lifting mechanisms 121a-121b lift the FOUP from the 

10 location E. The extractor arms 106-107 then move along 
the respective translation axes 214a-214b, thereby 
aligning the FOUP with the location F within the storage 
unit 103. Next, the lifting mechanisms 121a-121b lower 
the FOUP to the location F. The extractor arms 106-107 

15 then move back to their original positions alongside the 
double nest platform of the extractor /buf f er module 104. 
Such FOUP movements are normally performed when there' is 
no FOUP disposed at the location F within the storage 
unit 103. 

20 It should be noted that the extractor/buffer 

assembly 102 is operative to perform FOUP movements like 
those described in the above illustrative examples 
between locations A-B on the conveyor 14 0 and the 
locations C-D on the extractor/buffer module 104. For 

25 example, to pick two FOUPs from the locations A-B on the 
conveyor 14 0 and to place the two FOUPs to the locations 
C-D on the extractor/buffer module 104, the extractor 
arms 106-107 move along the respective translation axes 
214a-214b from their positions alongside the double nest 

30 platform to corresponding positions alongside the 
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locations A-B on the conveyor 140. Next, the lifting 
mechanisms on each extractor arm 106-107 (such as the 
lifting mechanisms 119a-119b, 120a-120b) lift the two 
FOUPs from the locations A-B, thereby picking the FOUPs 
5 from the conveyor 140. The extractor arms 106-107 then 
move along the respective translation axes 214a-214b back 
to their original positions relative to the double nest 
platform. Next, the lifting mechanisms 119a-119b, 120a- 
120b on the extractor arms 106-107 lower the two FOUPs to 

10 the locations C-D, thereby placing the FOUPs to the 
extractor/buffer module 104. 

To move two FOUPs from the locations C-D on the 
extractor/buffer module 104 to locations G-H on an 
adjacent extractor/buffer module 105, i.e., in. a 

15 direction transverse to the translation axes 214a-214b, 
roller mechanisms 209-211 operate to move the two FOUPs 
from the locations C-D toward the locations G-H, 
respectively. When the FOUPs start to overlap the 
extractor/buffer module 105, the roller mechanisms 109- 

20 111 operate in conjunction with the roller mechanisms 
209-211 to align the two FOUPs with the locations G-H on 
the extractor/buffer module 105. It is noted that the 
roller mechanisms 109-111, 209-211 may also move the two 
FOUPs from the locations G-H on the extractor/buffer 

25 module 105 to the locations C-D on the extractor/buffer 
module 104. 

Moreover, because each of the extractor/buffer 
modules have roller mechanisms like the roller mechanisms 
109-111, 209-211, the extractor/buffer assembly 102 may 
30 be employed to reposition the FOUPs within the storage 
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unit 103. For example, the extractor /buf f er module 104 
may be employed to move two FOUPs from the locations E-F 
within the storage unit 103. to the locations C-D on the 
extractor/buffer module 104. The roller mechanisms 109- 
5 111, 209-211 may then be employed to move the two FOUPs 
from the locations C-D to the locations G-H on the 
extractor/buffer module 105. Next, the extractor/buffer 
module 105 may be employed to move the two FOUPs from the 
locations G-H to locations I-J within the storage unit 

10 103. As a result, the two FOUPs are repositioned within 
the storage unit 103 from the locations E-F to the 
locations I-J. 

In the preferred embodiment, the AMHS 200 includes a 
plurality of proximity or presence sensors configured to 

15 detect the presence of a FOUP in each of the locations on 
the conveyor 140 (e.g., the locations A-B) , on the 
extractor/buffer assembly 102 (e.g., the locations C-D 
and G-H), and within the WIP storage unit 103 (e.g., the 
locations E-F and I-J) . As generally shown in Fig. 2, 

20 each of the locations A-J has at least one sensor 
associated therewith, e.g., the sensor 280 associated 
with the location' J within the storage unit 103. For 
example, each proximity or presence sensor may comprise a 
capacitive sensor, a photoelectric sensor, an inductive 

25 sensor, a Hall effect sensor, an ultrasonic sensor, or 
any other suitable type of proximity or presence sensor. 
The AMHS 200 further includes a computerized control 
system 290 including a sensor interface 292, at least one 
processor 294, and at least one data store 296 such as 
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RAM, ROM, a disk, and/or any other suitable type of data 
storage. 

As described above, the plurality of sensors is 
configured to detect the presence of a FOUP in each of 
5 the locations on the conveyor 140, on the 
extractor/buffer assembly 102, and within the WIP storage 
unit 103. The control system 290 is operative to read 
signal inputs provided to the sensor interface 292 by the 
plurality of sensors. Each signal input provided by the 

10 sensors comprises information indicating whether or not 
the location associated therewith has a FOUP disposed 
thereon, i.e., the signal inputs indicate whether or not 
the locations are "empty" or "full" . The . control system 
290 is further operative to maintain a database in the 

15 data store 296, and to access the database to determine 
whether or not the respective locations are currently 
empty or full. By accessing empty/full information 
stored in the database and picking/placing FOUPs to known 
locations on the conveyor, on the extractor/buffer 

20 assembly, and within the storage unit based on the 
accessed information, the AMHS 200 can pick, place, and 
reposition FOUPs with increased efficiency while reducing 
errors and inadvertent damage to the FOUPs . 

A method of operating the presently disclosed 

25 automated material handling system including the improved 
extractor/buffer assembly is illustrated by reference to 
Fig. 3. As depicted in step 302, a storage unit 
including storage locations that are two-WIP parts deep, 
a conveyor apparatus, and an extractor/buffer assembly 

30 disposed between the storage unit and the conveyor are 
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provided. Next, a first extractor/buffer module included 
in the extractor/buffer assembly moves, as depicted in 
step 304, a first pair of FOUPs from a first pair of 
adjacent locations within the storage unit to a pair of 
5 adjacent locations on the first module. The first 
extractor /buffer module then moves the first FOUPs, as 
depicted, in step 306, from the locations on the first 
module to a pair of adjacent locations on the conveyor. 
Next, a second extractor/buffer module adjacent the first 

10 module in the extractor/buffer assembly moves, as 
depicted in step 308 , a second pair of FOUPs from a 
second pair of adjacent locations within the storage unit 
to a pair of adjacent locations on the second module. 
The second extractor /buf f er module then moves the second 

15 FOUPs, as depicted in step 310, from the locations on the 
second module to the locations on the first module. 
Finally, the first extractor/buffer module moves the 
second FOUPs, as depicted in step 312, from the locations 
on the first module to the first pair of locations within 

20 the storage unit. 

It will be appreciated that a single 
extractor/buffer module or an extractor/buffer assembly 
including multiple modules may be configured to interface 
with WIP storage locations at any elevation in the 

2 5 product manufacturing environment, e.g., at a table- top 
level, at an overhead level, or at a level beneath a 
raised floor. For example, the extractor/buffer assembly 
may interface with a vertical carousel storage unit at 
the table-top level or at the level underneath a raised 

30 floor. Further, the vertical carousel storage unit may 
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rotatably position different storage bins at the table- 
top or sub-floor level for subsequent access by the 
extractor/buffer assembly. 

In addition, the extractor/buffer assembly may 
5 interface with an overhead hoist transport vehicle at the 
overhead level. In this case, the extractor arms of an 
extractor/buffer module disposed beside the overhead 
transport vehicle may move laterally to a position 
substantially directly underneath an overhead hoist 

10 within the transport vehicle. Next, the overhead hoist 
may pick/place a FOUP directly from/to the extractor 
arms, which may then move back to their original 
positions on the extractor /buf f er module. Once the FOUP 
is held by the overhead hoist, the overhead hoist 

15 transport vehicle may move it to a workstation or 
processing machine on the IC chip manufacturing floor. 

The extractor/buffer assembly may also interface 
with a shelf array including multiple rows of fixed 
shelves. For example, each fixed shelf in the shelf 

20 array may comprise a storage location that is two-FOUPs 
deep. Further, the extractor/buffer assembly may be 
configured to move to a selected row at a respective 
level in the shelf array to pick/place one or more FOUPs 
from/to that storage location. Such a shelf array is 

25 described in the above-referenced U.S. Patent Application 
No. 10/682, 809. 

Having described the above illustrative embodiments, 
other alternative embodiments or variations may be made. 
For example, it was described that the automated material 

30 handling systems 100 and 200 may be employed in an IC 
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chip manufacturing environment. However, it should be 
appreciated that the above-described automated material 
handling systems may be employed in any suitable 
environment in which articles are stored and moved from 
5 place to place. For example, the automated material 
handling systems described herein may be employed in an 
automobile manufacturing facility, and the WIP parts 
stored and moved by the system may comprise automobile 
parts . 

10 It will further be appreciated by those of ordinary 

skill in the art that modifications to and variations of 
the above-described extractor/buffer may be made without 
departing from the inventive concepts disclosed herein. 
Accordingly, the invention should not be viewed as 

15 limited except as by the scope and spirit of the appended 
claims . 
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